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I n  recent  years ,  s c i e n t i f i c  i n t e r e s t  i n  biomass as a f u e l  has been rekindled, 
and along with i t ,  concerns over po ten t i a l  environnental effects .  
about i n  several  ways: 

o I n  those a reas  of indus t r i a l  countr ies  where space heat ing i s  important, the use 

This has wme 

of wood has experienced rapid repopularization. Indeed, i n  t h e  United States ,  
s ince t h e  first o i l  crisis the  use of wood for fue l  has grown much f a s t e r  than 
any other  energy source, 7 percent per year  s ince  1973 ( 1 ) .  

o I n  many developing countr ies  t r a d i t i o n a l  biomass fue l s ,  which include wood, crop 
residues, and animal dung, still supply energy needs. Since the  energy c r i s i s ,  
in ternat ional  concern has grown about t h e  dual problems of f inding more energy 
for economic development and a t  t he  same time preventing the  rapid deforestat ion 
t h a t  has come t o  accompany too much re l iance on loca l  biomass fuels. Efforts  t o  
solve these problems have focused on increasing supply through such innovations 
as fast-growing tree plantat ions and improving t h e  eff ic iency of use through 
such devices as improved stoves. 
s ince  more than h a l f  the world's population re l ies  on these t r a d i t i o n a l  biomass 
fuels for nearly all t h e i r  energy needs, a s i t u a t i o n  t h a t  has not  changed since 
the  discovery of fire. 

I n  both developed and d e p l o p i n g  countr ies ,  t he re  is a t  l e a s t  one other  reason 
for increased i n t e r e s t  i n  biomass fuels. Pa r t ly  through reappl icat ion of 
processes developed and l e f t  by the wayside i n  t h e  past and pa r t ly  through 
appl ica t ion  of sophis t icated new understandings of biomass processing, there  a re  
now a range of technologies being examined t h a t  bas i ca l ly  ac t  t o  convert simple 
biomass feedstock i n t o  high-quality s o l i d ,  gaseous, and l i qu id  fuels. These a re  
t h e  f u e l s  t h a t  will be needed t o  hasten economic development i n  poor countries 
and t o  fulfi l  the biomass port ion of t h e  renewable-energy promise i n  all 
countr ies .  

With the  r e v i t a l i z a t i o n  of biomass fuels, the c i t i z e n s  of developed countries 

This problem is  recognized t o  be s ignif icant  

o 

are discovering what t h e i r  ancestors knew well and t h e i r  neighbors i n  developing 
countries s t i l l  experience--in small-scale combustion conditions biomass fuels have 
significant emission factors for several  important a i r  pollutants. 
1, the  emission f a c t o r s  for three of t h e  f i v e  p r i o r i t y  pol lutants ,  pa r t i cu la t e s ,  
hydrocarbons, and carbon monoxide, compare unfavorably with those of coal combustion 
when t h e  burn r a t e  I s  i n  t h e  range of a few kilograms per hour (2-25 kU). 
i ndus t r i a l  scale (a few hundred kilograms per hour) biomass emission f a c t o r s  do not 
Usually appear so much worse than coal, a conclusion tempered by the s ign i f i can t  
affect on emissions of t he  pa r t i cu la r  combustion conditions and qua l i ty  of the fuels. 

I n  the  las t  few years, an increased amount of e f f o r t  has gone i n t o  studying the 

As shown i n  Table 

A t  

emission c h a r a c t e r i s t i c s  of biomassfueled (mainly by wood) heat ing s toves of the 
types commonly i n  use i n  developed countr ies  (2) .  
as outdoor smoke' l e v e l s  rise i n  communities re lying on such appliances. I n  some 
s t a t e s  of t he  United States, for example, emissions frau wood stoves have exceeded 

'Here I will use the  term %make" t o  refer t o  the e n t i r e  mixture of emissions Prom 
biomass combustion: 

This is becoming more of a concern 

all gases  and aerosols. 
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those from industry for cr i t ical  pol lu tan ts  (3).  Woodsmoke s tudies  have 
characterized a la rge  number of organic compounds i n  t h e  ‘hydrocarbon” portion of the  
emissions. Indeed, several hundred have been i d e n t i f i e d ,  many of which a r e  
polyaromatic hydrocarbons (PAE) t h a t  have been shown t o  be mutagenic or carcinogenic 
( 4 ) .  

Although the problem of smokey v i l lage  kitchens has long been noted by observers 
i n  rural areas  of developing countr ies ,  it has been only recently t h a t  systematic 
indoor measurements have been undertaken (5). 
important pol lutants  tha t  can be estimated a s  a result of them concentrations a r e  
orders  of magnitude higher than typical  urban exposures. 

The human exposures t o  several  

,’ 

Unfortunately, j u s t  as there  have been few and only r e l a t i v e l y  recent  
quant i ta t ive  s tudies  of the  concentrations, there  a r e  very few quant i ta t ive  
epidemiological s tud ies  about the health e f f e c t s  of biomass smoke, although there  , 

I exists much anecdotal information by medical observers and others. Until t h i s  lack  
1 is remedied, i t  is necessary t o  re ly  on extrapolat ions from studies  of other 

si tua Uons. 

The most obvious extrapolat ion is from urban epidemiological s tud ies  of air 
3 pollution. Unfortunately, however, there a r e  severe l i m i t a t i o n s  with respect  t o  
; extrapolat ing these s tud ies  t o  biomass smoke. Although many of the same pol lu tan ts  
’ have been studied, the mix is so di f fe ren t  a s  t o  make comparisons suspect. Urban , par t icu la tes ,  for example, are usually associated with s u l f u r  oxides because of the  

composition of t h e i r  pr incipal  source-fossil fue ls .  Consequently, the  major 
Off ic ia l  reviews of the  health e f f e c t s  of particulates a r e  unable t o  separate  t h e  
e f f e c t s  of the  two pol lutants  ( 6 ) .  I n  a i r  polluted bp biomass smoke, however, 
par t icu la tes  a re  usually associated with carbon monoxide and hydrocarbon vapors and 

’ droplets. There a r e  fur ther  important differences between typical  fossi l - fuel  smoke 

I and biomass smoke i n  the  s i z e  d is t r ibu t ion  and chemical nature of the  aerosols ,  
percentage of elemental carbon, content of t race  metals, and so on. 

There is, however, a form of biomass smoke tha t  has been studied extensively,  to  
an extent r iva l ing  urban a i r  pollution. 
form of biomass smoke i s  the  cause of more human air  pol lu t ion  exposure and grea te r  
human I l l -heal th  than all other  causes of air pollut ion combined. It is, of course, 
tobacco smoke. 

This is e n t i r e l y  appropriate because t h i s  

If an analogy could be drawn between exposures t o  tobacco smoke and exposures t o  
the  smoke from biomass fuels, then inves t iga tors  of the  impact of the l a t t e r  would 
have access t o  a vast  health e f f e c t s  l i t e r a t u r e  avai lable  for the former. It is the  
purpose of t h i s  paper t o  begin an exploration of the v i a b i l i t y  of t h i s  analogy. 

To ef fec t  t h i s  comparison, I have chosen t o  examine four pol lu tan ts  found i n  
s ign i f icant  amounts i n  biomass smoke of all kinds: resp i rab le  par t icu la tes  (RSP), 
carbon monoxide (CO), formaldehyde (HCHO), and p a r t i c u l a t e  benzo(a)pyrene (BaP) . 
Each of these has been the subject of considerable a t t e n t i o n  i n  its own r i g h t  a s  a 
health-damaging pol lutant .  They each also represent an important member of one of 
the  four principal c lasses  of pol lutants  found i n  biomass smoke: 
gases, hydrocarbons, and PAE. To t e s t  t h i s  analogy i n  a quant i ta t ive  manner, I will 
separately examine for c igare t tes  and woodfuel the r e l a t i v e  emission fac tors ,  air 
concentrations, and n a i n a l  human doses of these four pol lutants .  

par t icu la tes ,  

Emission- 

Researchers of c igare t te  emissions have had t o  develop a standard smoking 
procedure such tha t  d i f fe ren t  brands can be compared on as much of an equivalent  
bas i s  as possible. 
c igare t te  in 10 puffs  a t  one-minute i n t e r v a l s  with a puff volume of 35 m l  and a puff 
durat ion of 2 aec. The smoke coming through the mouthpiece of the  c i g a r e t t e  t h a t  

The procedure used i n  most s tud ies  today is t o  smoke each 
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would normally be resp i red  by the smoker is cal led the  mainstream smoke. The smoke 
released frcm all poin ts  of t h e  c igare t te  between puffs  is cal led sidestream smoke. 
Specialized machines have been developed t o  "smoke" c i g a r e t t e s  i n  this fashion and t o  
measure the par t icu la te  and gaseous emissions (7) .  

A t  present there  is no standard procedure for measuring emissions from small  
cooking or heating s toves  although such procedures a r e  under development (3 ,  8). In 
order t o  make q u a n t i t a t l v e  comparisons between c i g a r e t t e  smoke and the  smoke from 
biomass-fueled appl iances  i t  w i l l  be necessary t o  choose emission fac tors  frao those 
avai lable  i n  t h e  l i t e r a t u r e .  Since the  emissions from enclosed metal heating stoves 
vary dramatically with s tove  operating conditions, i t  would seem appropriate t o  
confine this initial set of comparisons t o  what seems t o  be the less variable  open 
combustion conditions t y p i c a l  i n  f i rep laces  and simple cooking Stoves. 
c igare t te  burning, open combustion of t h i s  s o r t  is, a f t e r  all, the most common 
combustion s i t u a t i o n  i n  the world regardless  of fuel type. 

Excluding 

Although over 3000 di f fe ren t  compounds have been i d e n t i f i e d  in c igare t te  smoke, 
a few dozen a r e  singled out as  most important. A feu of these a r e  shown i n  Table 2 
and include the  four being considered i n  this paper. Note t h a t  the tobacco smoke 
l i t e r a t u r e  calls "tar' what the air pol lut ion l i t e r a t u r e  c a l l s  ' to ta l  suspended 
par t icu la tes  (TSP).' The emission f a c t o r s  i n  t h e  tab le  r e f e r  t o  mainstream smoke and 
a separate column lists the relative amounts of emissions from sidestream smoke. 
These emission f a c t o r s  vary by brand, by type of f F l t e r ,  and way of smoking. -They 
also vary by time i n  t h a t  c i g a r e t t e s  i n  the  United S ta tes ,  a t  l e a s t ,  have lower 
average emission f a c t o r s  today than they did i n  past years, and the  r e l a t i v e  toxici ty  
of the emissions on a mass bas is  seems t o  be going down as  well (9). 

Since the amount of biomass ac tua l ly  burned i n  a typical  c igare t te  is about one 
gram, the emission f a c t o r s  i n  T a b l e  2 t h a t  a r e  l i s t e d  i n  mg a r e  equivalent t o  g/kg. 
The f i r s t  column of Table 3 compares the  emission f a c t o r s  of mainstream and 
sidestream c i g a r e t t e  smoke w i t h  those representat ive of woodsmoke from small-scale 
combustion. Note t h a t ,  except for TSP, the  emission f a c t o r s  far wood a r e  similar t o  
or higher than those for tobacco. Note also,  t h a t  the difference between sidestream 
and mainstream tobacco smoke is large for many species, indicat ing ACHO and a number 
of the gas-phase nitrosamine compounds. For TSP ( tar) . ,  CO, and BaP, on t h e  other 
hand, the r a t i o  is much smaller. 

Another fac tor  of i n t e r e s t  with par t icu la tes  is t h e i r  s i z e  range. I n  t h i s  
respect, as  wel l ,  c i g a r e t t e  smoke and woodsmoke a r e  s i m i l i r .  Each has a mass median 
diameter of l e s s  than 0.4 um, indicat ing t h a t  e s s e n t i a l l y  all the par t icu la te  matter 
penetrates i n t o  the deep lungs upon resp i ra t ion  (10). I n  air  pollut ion terminology, 
essent ia l ly  all TSP is ASP. 

Concentrations 

There a r e  two d i s t i n c t  types of c i g a r e t t e  smokers--active and passive (or 
voluntary and involuntary) .  
pol lutants  because the mainstream smoke is mixed with the r e l a t i v e l y  small amount of 
air I n  a breath, the t i d a l  volume. In  t h e  standard c igare t te  smoking sequence there 
is one "puff" per minute for t e n  minutes. Since the sales-weighted c igare t te  i n  the 
United S t a t e s  i n  1980 re leased 14 mg of "tar'  per  c i g a r e t t e  i n  the mainstream smoke 
and the t i d a l  volume Of air for an adul t  wman i n  l i g h t  a c t i v i t y  is about 940 m l  
( l l ) ,  the par t icu la te  conoentration would be about 1500 &d. This is some two or 
three orders  of magnitude higher than the  measured average TSP concentrations i n  air 
breathed by wmen cooks i n  r u r a l  f i e l d  s tud ies  i n  Asia (5). 

simflar t o  those i n  v i l l a g e  homes, a s  a r e  ACHO concentrations. 
intermediate. 
experienced by a vfllage cook and a smoker for these four  pollutants. 

The ac t ive  smoker experiences high concentrations of 

BaP concentrations i n  mainstream c i g a r e t t e  smoke, on the other  hand, are  qui te  
CO l e v e l s  a re  

The second column of Table 3 lists the  r e l a t i v e  concentrations 
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A passive smoker will experience concentrations t h a t  a r e  determined and can be 
accurately estimated by the number and loca t ion  of c igare t tes  being smoked nearby, 
the roau volume, vent i la t ion  r a t e ,  and miring conditions. (12) .  In  a well-mixed 
conference roam (200 d; PACH; 40 people ha l f  of whom are smokers, each of whom 
smokes 2 c igare t tes  per hour), indoor concentrations of the  four  pr incipal  po l lu tan ts  
can be calculated frau the  sidestream emission fac tors  i n  the  first Column of T a b l e  3 
and the  r e s u l t  is shown i n  the  second column. 
would experience concentrations of three of the pol lutants  much lower than the ac t ive  
smoker and consis tent ly  lower than the  v i l lage  cook. Note a l so ,  t h a t  because of the 
la rge  r a t i o  of sidestream t o  mainstream emission fac tors  for HCHO (Table 2 1 ,  the 
passive smoker can ac tua l ly  experience concentrations of HCHO comparatively s i m i l a r  
t o  those experienced by the smoker. It is important t o  remember, however, tha t  the 
smoker "puffs' only once a minute ( -  5 percent of breaths) while the passive smoker 
and vi l lage cook experience these concentrations i n  every breath during the  exposure 
period. The r e l a t i v e  doses, therefore, a re  not the same as t h e  r e l a t i v e  
concentrations. 

By t h i s  es t imate ,  the passive smoker 

There is a fur ther  refinement possible i n  these concentration estimates. Since 
the mainstream smoke is not e n t i r e l y  deposited or absorbed by the resp i ra tory  system 
of the smoker, there  is an addi t ion t o  the surrounding indoor air concentrations 
resu l t ing  from the  exhaled a i r  of the smokers. (13) Furthermore, of course, the 
ac t ive  smokers i n  the room with passive smokers will experience a t  least a s  high 
'passive" concentrations i n  the 95 percent of breaths t h a t  a r e  not "puffs' on t h e  
c igare t  te. 

Nominal- 
To understand the r e l a t i v e  health e f f e c t s  of poliutants  i t  is always best t o  

measure dose, the actual  amount of material absorbed or deposited i n  the body. There 
is var iab i l i ty ,  however, i n  the way air contaminants a r e  deposited or absorbed by 
d i f fe ren t  people a t  d i f fe ren t  times. 
breathing is occurring, and the  condition of the respiratory system all af fec t  
deposition, for example. I n  c igare t te  smokers, there  a re  the addi t ional  var iables  of 
smoking behavior. I f  the smoker inhales  the  smoke and smokes the but t  down t o  almost 
nothing, the dose per c i g a r e t t e  is  going t o  be much 1arger.than t h a t  of a normal 
smoker. 

The breathing r a t e ,  whether mouth or nose 

I n  addition, although woodsmoke and tobacco smoke have many similarities, there  
are a l s o  differences. The temperature of c igare t te  smoke, for example, would 
normally be higher. 
higher concentrations experienced by the ac t ive  smoker leading t o  lower deposi t ion 
r a t e s  per gram of material inhaled. On the other  hand, the hot dense smoke from 
smoking may i n h i b i t  or damage natural lung clearance and other  defense mechanisms t o  
the extent t h a t  deposition eff ic iency is higher with such exposures. It may be ,  
however, tha t  the  95 percent of breaths t h a t  are lov exposure for the ac t ive  smoker 
al low the lung defense mechanisms t o  operate more e f f i c i e n t l y  than they can when 
every breath contains s ign i f icant  concentrations. 

There may be some s o r t  of saturat ion e f f e c t  a t  the general ly  

Not knowing the deposition or absortion r a t e s  with accuracy means t h a t  i t  is not 
possible t o  calculate  exact doses. For the purposes here, it is s u f f i c i e n t  t o  
address what has been cal led "nominal dose" (121, here being defined a s  the  amount of 
material actual ly  breathed i n  by the smoker or cook. 
response t o  exposures and correct  for breathing r a t e s  and p a r t i c l e  s izes .  
reference wman i n  (13) breathes 18.2 d of air during 16 hours of l i g h t  a c t i v i t y  and 
2.3 m3 during s leep per day and about 95 percent of the  p a r t i c l e s  a r e  resp i rab le  
(10). Consequently, the comparative dai ly  exposures of the four major po l lu tan ts  for 
a two-pack-per-day smoker and a v i l lage  cook a r e  as shown i n  the last column of Table 
3. The vi l lage cook receives  naniml  doses of BaP and HCHO t h a t  a r e  higher than 
those received by the smoker by fac tors  of 12 and 2.8 respectively. The smoker, on 
the  other  hand, receives  nominal doses of CO and TSP t h a t  are grea te r  by f a c t o r s  of 4 
and 24. 

I w i l l  assume l i n e a r i t y  i n  
The 
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Using the Same assumptions as those used t o  ca lcu la te  concentrations i n  Table 3 ,  
and assuming a &hour meeting i n  the conference roam, the  passive smoker would 
receive da i ly  nccninal doses lover  than e i t h e r  the ac t ive  smoker or the v i l lage  cook. 
This assumes, of course, t h a t  this person is  exposed t o  no other  conditions of poor 
air qual i ty  during the day. 
the act ive smoker than a r e  the r e l a t i v e  exposures of the  other  species. 
because of the la rge  emissions of ACAO in sidestream as compared t o  mainstream 
c igare t te  smoke. 
meeting for the  passive smoker i s  nearly three times t h a t  of the mainstream exposure 
r a t e  received by the smoker i n  smoking two c igare t tes  per hour. Th$s means that the 
to ta l  HCAO nominal dose of the ac t ive  smoker a t  such a meeting is mostly due t o  her 
r o l e  as passive ra ther  than a c t i v e  smoker. 

Note t h a t  t h e  exposure t o  HCHO is much closer t o  tha t  of 
This i s  

Indeed, the ECHO exposure r a t e  per hour during the  conference 

I n  Table 3, the Upland Sleeper is  someone who l i v e s  i n  a highland area  such as 
those i n  Nepal, Peru, Kenya, and Papua New Guinea. She is presumed t o  spend 14 hours 
a day i n  t h e  house during which she s leeps for 8. 
exposure during this period is about 50 percent of t h a t  received by the cook near the 
f i r e ,  the upland sleeper would receive a to ta l  da i ly  ncminal dose of each pol lutant  
roughly 40 percent g r e a t e r  than the cook. 

I f  one assumes t h a t  the  average 

Of course, ac t ive  smokers a l s o  receive passive exposures if they attend 
conference meetings with smokers p r e s e n t  and v i l lage  cooks i n  upland areas  al80 must 
sleep. To a f i r s t  approximation, the t o t a l  da i ly  ncminal  dose for wmen i n  these 
s i tua t ions  would be the t o t a l  of the act ive and passive smokers' ncminal doses and 
the  to ta l  of the cooking and sleeping n u n i n a l  doses respect ively.  
correct ions could be made t o  account f o r  any ambient exposures received by these 
groups. 

!2mud&m 

Further 

Of the  four pol lu tan ts  examined here i t  seems t h a t  nominal doses to  two of them 
are roughly s imjlar  for c i g a r e t t e  smokers and v i l lage  cooks--ACAO and CO. For RSP, 
active smokers receive more than a fac tor  of 10 larger  ncminal doses. On the other 
hand, v i l lage  cooks rece ive  more than a fac tor  of ten grea te r  ncminal doses  t o  BaP. 
In  all cases, v i l lage  cooks receive higher ncminal doses than passive smokers. On 
the  basis of these comparisons, therefore, i t  might be expected t h a t  the health 
impacts  among v i l l a g e  cooks would l i e  somewhere below those far ac t ive  smokers and 
wel l  above those for passive smokers. It should be mentioned, however, that  many 
other po l lu tan ts  a r e  not  addressed here. Nicotine, i n  par t icu lar ,  would seem t o  be 
something nearly absent i n  woodsmoke and y e t  an important health-damaging pol lutant  
i n  tobacco smoke. 
suggest ive.  There has  long been evidence tha t  smokers harm themselves (9 ,  14) and 
there  i s  a rapidly growing consensus t h a t  passive smokers' health is a l s o  affected 
(15). 
chemical (16)  or bioassay (17) techniques or a combination (18). 

The da ta  i n  Table 3 can also be used for other  comparisons. 
r e l a t i v e  emissions of a coal-fueled e l e c t r i c  power p l a n t  and a c igaret te .  
the average U.S. res ident  was responsible for the burning of about 3.5 kg of tobacco 
and 2900 kg of coal, 82 percent of which was used i n  power plants  (19). 
a t  Brookhaven National Lab, i t  was determined t h a t  a typical  coal power plant 
del ivers  about 0.1 mg-person-year/d of exposure for every ton of par t icu la te  
emissions (20). 
legal l i m i t  implies t h a t  the coal-derived e l e c t r i c i t y  needs of the average U.S. 
c i t izen  cause about 0.003 mg-person-year/d of exposure. 
assumptions i n  Table 3, it can be shown t h a t  typical  wood needs for cooking i n  a 
developing country (about 400 kg/capita-year) would produce about 0.15 
mg-person-year/d or 40 times the exposure caused by six times more fue l  i n  the U.S. 
power Plants .  

Nevertheless, even a rouch index such as the  one here is 

The index could a l s o  be expanded t o  character ize  the par t icu la te  f r a c t i o n  by 

Consider the 
I n  1981 , 

In a s t u d y  

Assuming t h a t  a l l  the coal power p l a n t s  e m i t  par t icu la tes  a t  the 

Using the data  and 

Even more s t r ik ingly ,  it can be estimated t h a t  compared t o  the coal 
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used per c a p i t a  the tobacco nee& of the average U.S. ci t izen causes about four 
1 1  orders  of magnitude more exposure simply t o  the passive smokers nearby and not even , counting the much larger exposures t o  the  smokers themselves. 

can be q u i t e  misleading t o  concentrate s o l e l y  on emission f a c t o r s  and t o t a l  

c igare t tes ,  can be responsible  for much l a r g e r  human exposures wr un i t  fue l .  
fact has important implicat ions f o r  the  design of a l t e r n a t i v e  energy systems. 

The lesson should be c l e a r .  When the  objec t ive  is t o  pro tec t  human hea l th ,  i t  

( emissions. Distr ibuted combustion sources, such as cook s toves  and, in the extreme, 
This 
(21) 
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Table 2: Major toxic and carcinogenic species in cigarette smoke; ratio of 
sidestream smoke (SS) to mainstream smoke (MS) 

~ ~ ~~~ 

A. Gas phase Amount/cigarette SS/MS 

Carbon dioxide 
Carbon monoxide 
Nitrogen oxides (NOx) 
Ammonia 
Hydrogen cyanide 
Hydrazine 
Formaldehyde 
Acetone 
Acrolein 
Acetronitril e 
Pyridine 
3-Vinylpyridine 
N-Nitrosodimethylamine 
N-Nitrosoethylmethylamine 
N-Nitrosodiethylamine 

45 
13.25 
308 
70 
415 
32 
55 
520 
75 
110 
32 
23 
92 
20.5 
14.05 

8.1 
2.5 
5.25 
58.50 

.27 
3 
51 
2.85 
12 
10 
10 
28 
420 
17 
14.5 

8. Particulate phase Amount/ ci garet te SS/PIS 

Total particulate phase (tar) 
Nicotine 
Toluene 
Phenol 
Catechol 
Naphthalene 
2-Methylnaphthalene 
Phenanthrene 
Benz (a) anthracene 
Pyrene 
Benzo (a)pyrene 
Quinoline 
blethylquinol ine 
Harmane 
Norharman e 
Ani 1 in e 
o-To luidine 
2-Naphthylamine 
4-hinobiphenyl 
N-Nitrosonornicotine 
N-Nitrosoanatabine 

14 

108 

160 

1.18 

a5 

2.8 
1.0 

41 
40 
52.5 
24 
1.7 
6.7 
2 . 1  
5.65 

650 
32 
15.65 
3.5 
1.95 
2.38 

1.6 
2.95 
5.6 
2.6 
0.7 
16 
29 
2.1 
2.7 
2.75 
3.05 
11 
11 
1.7 
2.85 

30 
19 
39 
31 

3 
4 

Source: 14. 
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